We studied the response of Eucalyptus microtheca to drought in a greenhouse experiment. As a result of the drought the growth of the seedlings decreased and allocation patterns changed so that allocation to the roots increased. However, changes in photosynthesis and stomatal conductance under drought were rather modest. We showed, using chlorophyll fluorescence and measurements of photosynthesis under high CO 2 that the biochemical capacity of pho tosynthesis increased under drought. The results suggest that changes in root/shoot ratio are the primary reactions that initiate a series of compensatory reactions that mitigate the effects of drought in Eucalyptus microtheca.
Introduction
Discussion on the effects of drought has largely focused on either physiological or morphological acclimations to drought stress that make plants more resistant and more productive. The interplay between morphological and physiological factors is not well understood and deserves more atten tion. For example, increases in the root/shoot ratio as observed in many studies (e.g. Bachelard 1986; Li and Wang 2003) will bring along changes in the nutrition of plants, and these will in turn affect the photosynthetic system.
There is an ongoing debate on the effects of drought on the physiology of photosynthesis. Farquhar et al. (2002) claim, based on theoreti cal arguments, that under water limitations plants allocate more nitrogen to Rubisco. On the other hand, Tezara et al. (1999) show that drought stress leads to an inhibition of ribulose bisphosphate
Silva Fennica 41(2) research articles

Interactions between Morphological and Physiological Drought Responses in Eucalyptus microtheca
synthesis, which is related to a loss of ATP regen eration. Kaiser (1987) found in a review study that moderate drought stress has little effect on photosynthetic capacity. Though, in some Aus tralian tree species photosynthesis, even under conditions of nitrogen deficiency, is not limited by Rubisco activity, but by the decreased absorption of light (Warren et al. 2000) . Many of these spe cies also tend to have Rubisco in excess compared to its need for photosynthesis in optimal condi tions and Warren et al. (2000) concludes that the high concentrations of Rubisco may defend plants against photoinhibition: High Rubisco activities help plants to maintain higher rates of photo synthesis, i.e. use a substantial part of the light energy for photosynthesis under partial stomatal closure, and make it less necessary to use photo inhibition to protect themselves against high light (Warren et al. 2000) . Often, both stomatal and nonstomatal properties of photosynthesis decline together, even though the major part of the reduc tion on photosynthesis can be accounted by sto matal effects (Collatz et al. 1976) .
Usually during periodical drought stress leaves close their stomata, which in turn decreases the substomatal CO 2 concentration as the diffusion of CO 2 into the leaves is restricted (Chaves 1991) . This decreases the net photosynthesis rate. Many plants decrease their RuBP content and impair ATP synthesis as an early response to drought. Decreased Rubisco activity and photoinhibi tion occur many times in later phases of drought (Flexas and Medrano (2002) , even though these metabolic phases follow the initial reaction of stomatal closure (Flexas and Medrano 2002; Bota et al. 2004) .
When substomatal CO 2 concentrations decrease the rate of dark reactions of photosynthesis also decrease, since the supply of CO 2 to the Calvin cycle is reduced. Light reactions, on the other hand, will go on at full speed and plants have to divert the excess energy from the photosystems into harmless products. Photoinhibition, the clo sure of photosystem II reaction centers and the conversion of light into harmless heat are such a protection mechanisms (Maxwell and Johnson 2000) . Photoinhibition does not occur always, but depends on the species and the severity of the drought (Damesin and Rambal 1995; Sánchez Rodriguez et al. 1997; Tambussi et al. 2002) .
The natural habitats of Eucalyptus microtheca (F. Muell.) cover a large area in midnorthern and northern parts of Australia in arid and semiarid growth areas. It grows mostly in open wood lands in between 14°-33°S latitude and up to 700 m in altitude range. E. microtheca grows on very different soils, even though heavy or brown, selfmulching and cracking clays predominate (CSIRO 1979) . E. microtheca is the Eucalyptus species which is frequently planted in the driest habitats for industrial and nonindustrial pur poses (Tuomela 1997) . It has been successfully cultivated in Sudan, Iran, Iraq and Pakistan (FAO 1979) . Tuomela (1997) showed that eastern popu lations of E. microtheca have a prodigal water use strategy and a faster growth rate than western populations. Eastern Australia has, compared to Western Australia, a more evenly distributed rain fall, while Western Australia has a well defined predictable dry season. Li et al. (2000) showed, furthermore, that the severeness of the dry season at their origin determines largely the responses of E. microtheca to drought.
The aim of this research was to study the physi ological and morphological changes in seedlings of E. microtheca from Western Australia during drought. The hypotheses were that during the dry period the seedlings of E. microtheca would tran spire less, grow less, increase their root / foliage ratio and photosynthesize less than under normal conditions.
Material and Methods
Eucalyptus microtheca from Longreach, 23°26´S and 144°16′E (seedlot 12494, Australian Tree Seed Centre, CSIRO Forestry and Forest Prod ucts, Canberra) was used in this study. The prov enance originates from low open woodlands on loamy duplex soils and forms extensive stands on flood plains and margins of rivers and creeks. The climate in the area is hot and semiarid with a winter dry season. The mean annual precipitation is 443 mm (records available from 72 years). The mean annual maximum temperature is 31.3°C and the mean annual minimum temperature 15.5°C (CSIRO 1979) .
Seed germination was started on October 1st, 2001 on wet tissue paper at 20-25°C. Seedlings were planted into 0.18 liter pots, which were filled with a mixture of sand and complete fertilizer (size 0.5-1.2 mm), and moved into the green house on the 19th Oct., 2001. The greenhouse (located in Helsinki, Finland) temperature was set at +25°C during daytime and +20°C during nights. The relative humidity was set to 70% RH around the clock. The photoperiod was 12 hours/ day and light was supplied by lamps with a photon flux density of 500-700 µmol m -2 s -1 .
Seedlings were replanted into 2 liter pots filled with 2.5 kg of sand (grain size 0.5-1.2 mm) on 15th and 16th Dec. 2001 . Before the start of the drought treatment the seedlings were watered every second or third day to field capacity. Seed lings were fertilized about once a week by using "Gardeners general fertilizer" ("Puutarhan yleis lannos", Kemira Ltd, Helsinki, Finland), which has NPKratio of 8414. The amount of fer tilizer given to plants was calculated according to the estimated mean leaf area of the average seedlings (300 g of fertilizer/1 m 2 of leaf area/ seedling).
The drought phase of the experiment started when seedlings were 3.5 months old (15th Jan., 2002). Fortyfive healthy and vigorous seedlings were randomly assigned to three irrigation treat ments, which were irrigated to 15, 30 and 100% of field capacity. For shortness these treatments will be called 15%, 30% and control, respectively. All seedlings reached these values of soil water content on 25th Jan. 2002. After that the seedlings were weighed and watered daily at 10-11 am. To avoid any systematic error due to possible differ ences in growth conditions in the greenhouse, the seedlings were circulated about once a week after the start of the drought experiment. The mea surement period ended at 22nd Feb. 2002 when seedlings were about 4.5 months old.
Growth and Morphology of the Seedlings
At the end of the experiment on 23rd Feb.-5th March, the dry weights (dried about 60 hours at +55°C) were measured from the leaves, stem, fine roots (diameter < 2 mm) and coarse roots (> 2 mm) of each seedling. Dry weights and leaf areas of eight randomly selected leaves from each seedling were measured with a Licor leaf area meter (LI3050A, Licor, Lincoln, USA).
Physiological Determinations
Transpiration was measured gravimetrically from all seedlings (15 in each treatment) every day between 10-11 am from 18th Jan. 2002 to 22nd Feb. 2002 . To minimize errors due to evapora tion from the soil surface, the pots were kept in waterproof plastic bags, which were tied up loosely around the stems. Evaporation from the soil surface was estimated from pots without seedlings (but wooden sticks to simulate the evap oration between stem and plastic bag). Transpira tion values in this paper have been corrected for evaporation from the soil.
Measurements of photosynthesis were made by CIRAS2 portable photosynthesis measurement system (PP Systems, Hitchin and Hertfordshire -UK) at +25°C during late February. Six seed lings were measured from treatments Control and 30%, five from treatment 15%. Five repetitions from every measurement were taken. Photosyn thesis and stomatal conductance were measured at high light (1.5 mmol m -2 s -1 ) at both ambient (360 ppm) and elevated carbon dioxide concentrations (1500 ppm) at relative humidity (RH) of 63%. Water use efficiency was calculated by dividing photosynthesis with transpiration using the meas urements done in ambient CO 2 concentration and 63% relative humidity.
Chlorophyll fluorescence was measured with a Hansatech Fluorescence Monitoring System (FMS) at a temperature of +25°C on 14th to16th Feb. 2002 for 10 seedlings from each treatment. The part of the leaf, which the measurement was made from, was kept in darkness for a period of 30 minutes before the measurement started. Terminology and calculations of fluorescence fol lowed Maxwell and Johnson (2000) . The vari ables measured were the minimal fluorescence yield (F 0 ) the maximum variable fluorescence emission (F M ), the steady state fluorescence (F S ) and the light adapted fluorescence maximum (F M '). F 0 was determined by activation of the measuring beam (< 1µmol m -2 s -1 at 1.6 KHz), and then a saturating flash (1s) was activated. The permeability of xylem was determined by measuring the rate at which water passes through a cut section of stem, with a known cross sectional area, under a steady pressure. The stem segments were taken about 2 cm above ground. The measurement was done at room temperature (+21°C) for nine seedlings from control and 15% treatments and for ten seedlings from 30% treat ment at the end of the experiment on 3rd to 5th March, 2002. The permeability was determined as rapidly as possible after cutting the stem under water. Typical pressure differences were about 1 kPa for a piece of wood 2.1-4.4 cm long and 2.81-4.14 mm in diameter. Six measurements from every piece of stem were taken with five minutes interval. From the treatment 15% two of the measurements were deleted as outliers because of the results that deviated significantly from the others. We argue that this was due to a leak between the piece of wood and the pipe. Permeability (m 2 ) was calculated using Darcy's law according to Whitehead et al. (1984) . Results of conductivity are calculated for each seedling as a mean value of the six measurements made during the period of five minutes.
Nitrogen samples were analyzed by LECO 1100 elemental analyzer (LECO Corporation, St. Joseph, MI, USA) from 6 seedlings of each treatment.
Using the theoretical arguments of Long and Bernacchi (2003) , the ratio of photosynthesis and intercellular CO 2 concentration (A/ci) in high light and ambient CO 2 was used to estimate the Rubisco activity. According these authors, the slope of these two values estimates the limita tion of photosynthesis set by Rubisco activity. According to same theory, the photosynthesis level on a saturated intracellular CO 2 concentra tion describes the RuBP regeneration capacity.
The mean values and the standard errors of the mean were calculated for all variables, and dif ferences between treatments tested by analysis of variance (ANOVA) using Tukey test. Pearson correlation coefficients were used to test cor relations between measured variables. Statistical analyses were done with SYSTAT 6.0 statistical software package.
Results
The total biomass in the drought treatments was lower than in the control treatment and the differ ences in biomass between all three groups were statistically significant at p < 0.05 (Table 1 ). The stressed seedlings had higher root/shoot ratio (results were statistically significant at p < 0.05 between the control treatment and the drought stressed treatments but the stressed treatments did not differ statistically from each other) than the seedlings belonging to the control group and they grew more fine roots compared to the leaf area, even though the results in fine roots /leaf area did not differ statistically (p > 0.05, Table  1 ). Leaf area decreased and the specific leaf area (SLA) increased under drought stress (both results were statistically significant between the con trol treatment and the stressed treatments but the stressed treatments did not differ statistically from each other, Table 1 ). The ratio of coarse and fine root mass decreased with drought stress and this difference was significant (p < 0.05) between the control group and 15% treatment group (Table 1) .
Transpiration per seedling increased with time in the control treatment, while in the 15% treatment it decreased and in 30% treatment it increased during the 10 first days of experiment. After this the transpiration in both stressed groups remained relatively constant (Fig. 1) . Differences in transpiration between treatments were statisti cally significant (p < 0.05) starting from the eighth day after irrigation was reduced. Transpiration was also reduced by drought when the results were expressed per unit of leaf area (Table 1) .
Xylem permeability was stable over time during the 30minute period used in the study. Conduc tivity of xylem did not change due to drought (p > 0.05), neither on a xylem area basis nor expressed as leaf specific conductivity (Fig. 2 ).
There were no statistically significant dif ferences in the net photosynthesis of seedlings between treatments when photosynthesis was measured at ambient CO 2 concentrations (Fig.  3a) . Mean stomatal conductance of the seedlings in 15% treatment was lower than the mean sto matal conductance in the other two groups, but the means did not differ statistically (Fig. 4b) . However, the water use efficiency was higher (p < 0.05) in stressed groups than in control group (Table 1) . Also the difference in the substomatal carbon dioxide concentration was significant between control group and drought treated groups (Fig. 4a) .
The maximum photosynthesis at elevated CO 2 (1500 ppm) and high irradiance (1.5 mmol m -2 s -1 ) was higher in stressed seedlings (there was a statistically significant (p < 0.05) difference between control group and 15% group; Fig. 3b ). The same was true for the ratio of photosynthesis and substomatal carbon dioxide concentration under high irradiance and normal CO 2 concen trations (there was a statistically significant (p < 0.05) difference between control group and 15% group; Fig. 5 ), which according to Long and Bernacchi (2003) indicates on the restriction of photosynthesis caused by Rubisco activity.
The F V /F M ratio measuring the maximum yield of PSII photochemistry (Fig. 6a) , was higher in stressed seedlings than in the control group. Both stressed groups differed significantly from the control group in F V /F M ratio (p < 0.05), but there was no statistically significant difference between the drought stressed groups (p > 0.05).
The proportion of open PSII centres (qP) was far larger in stressed groups (results were statisti cally significant between the control treatment and the stressed treatments but the stressed treat ments did not differ statistically from each other), which indicates that electron transport from PSII increased with stress ( Fig. 6c) . At the same time nonphotochemical quenching (NPQ, Fig. 6b ) decreased (there was a statistically significant difference between control and 15% drought treatment). Nitrogen concentration in the leaves was rela tively low (between 0.7-1.5% on a leaf mass basis) and it increased with the drought stress (the difference between groups was statistically significant at p < 0.05, Fig. 7 ). There was no significant correlation between SLA and pho tosynthesis rate in high CO 2 concentration but SLA and leaf nitrogen concentration correlated with each other (Pearson correlation coefficient 0.761, p < 0.05, data not presented). The nitrogen per leaf area was higher in the drought stressed groups, but differences were reduced when the amount of leaf nitrogen was divided by the fine root biomass (Table 1) . 
Discussion
The drought stress affected the biomass produc tion and growth of seedlings profoundly: drought stressed seedlings were significantly smaller than unstressed seedlings (Table 1) . Root/shoot ratio increased as a result of the drought (Table 1) . Differences in the productivity of leaves, as meas ured by net photosynthesis, were less pronounced ( Table 1) .
Growth and Morphology
As expected (Boyer 1982) , the total biomass of seedlings was lower in the drought treatments. In other words, growth rates decreased with drought (Table 1) . At the same time there was a shift in root mass towards finer roots that take up the bulk of the water (Table 1) . Also the root/shoot ratio was higher in seedlings belonging to the stressed treatments than in control group. One might argue that these differences were an artefact due to an insufficient pot size used in the experiment, which might have inhibited the root growth of the larger seedlings. In our experiment roots did not fill the pot at the end of the experiment so we do not believe that pot size (2 l) limited root growth. According to ear lier results, the root/shoot ratio of Eucalyptus increases usually under drought, but there are exceptions (Bachelard 1986; Osório et al. 1998) . Fine root mass to leaf area ratio gives an idea on the ratio between nutrient uptaking organs and carbon uptaking organs and may be a better indicator of the equilibrium between carbon and nutrient requirements. Drought stressed seedlings had a higher fine root / leaf area ratio than non stressed seedlings, although the differences were not statistically significant (Table 1) .
Specific leaf area (SLA) was significantly larger in stressed than in control seedlings and it increased with the degree of stress (Table 1 ). In the studies of Li (1999) and Tuomela (1997) the seedlings of E. microtheca behaved the opposite way or there were no drought induced changes in SLA (Li 1999) . SLA and nitrogen concentra tion of leaves correlate usually, as they did in our data. Earlier studies have proven that SLA and nitrogen in Eucalyptus species can correlate either positively or negatively with each other (Prior et al. 2003; Eamus et al. 1999; Sefton et al. 2002; Grassi et al. 2002) . Schulze et al. (1998) claimed that even though in most cases leaf N and SLA correlate positively, there are differences in the reactions between species.
Nitrogen concentrations in our data were rela tively low, ranging between 0.7 and 1.5% (Fig.  7) . However, they are in line with a number of published studies that found similar concentra tions for Australian savannah trees. Schulze et al. (1998) reported nitrogen concentrations between 0.7 and 1.2% in evergreen nonN 2 fixing trees and Prior et al. (2003) found nitrogen concentrations between 0.7 to 2.3% depending on Eucalyptus species. They found that nitrogen concentrations are significantly lower in evergreen than decidu ous species and also lower in woodland species than in open forests or dry monsoon forest spe cies. Farquhar et al. (2002) have noted that nitro gen concentration in E. dichromophloia leaves increases with decreasing mean annual rainfall.
We acknowledge that there exists a risk that our fertilization regime was responsible for changes in the N status between the treatments, as the seedlings were fertilized according to the mean size of all seedlings, whereas the mean size of the seedlings in each treatment group varied. How ever, root/shoot ratios, which usually increase under nitrogen deficits, were smaller in the control treatment. Since root/shoot ratio are normally responsive to N deficiencies we think that higher fineroot / leaf area ratios show that nitrogen deficiency was not a very important factor in the control treatment. Furthermore, our N values were similar to the values in the field. We investigated on what extent the changes in the root/shoot ratio could explain the differences in N contents. When calculating the amount of nitrogen in leaves per fine root mass (as a measure of how much nitro gen the plant has taken up per unit of root bio mass) the differences between the treatments are reduced greatly. All this indicates that differences in the nitrogen content of leaves are probably primarily caused by different allocation strategies, which were modulated by drought.
Physiology
The roots of Eucalyptus trees are usually well developed in the dry areas and the depths of the soil roots are penetrating in enables them to use the water stored deep in the soil during the dry season. Therefore, the transpiration rates per unit leaf area in the field during the dry season are similar to those in the wet season in some Eucalyptus species, since evaporative demand is higher in the dry season (O´Grady et al. 1999) . In greenhouse experiments with seedlings, however, transpiration usually decreases since the evapora tive demand does not change over the growing season (i.e. Pereira and Kozlowski 1976; Li et al. 2000) . Based on an experiment made with E. camaldulensis seedlings from dry tropics, Gibson et al. (1995) proposed that the seedlings depend much more upon the reduction in leaf area than on the stomatal control of transpiration to conserve water. Generally, reductions of transpiration in greenhouse experiments were larger than in field experiments, probably because field grown adult trees have deep rooting systems and, often, access to ground water.
We think that drought stress did not change the hydraulic permeability of xylem, since stressed and unstressed plants did not differ from each other on this matter (Fig. 2) . Therefore it is probable that embolism was not important in the drought stressed seedlings, since embolism reduces usually hydraulic permeability. In a study made with E. camaldulensis, the permeabilities of stem wood in the seedlings from semiarid areas were consistently higher than in seedlings from humid areas. To induce a significant degree of embolism very negative values of water potential were required (Franks et al. 1995) and it is possi ble that the drought treatments in our experiment were not drastic enough to induce embolism.
The rate of photosynthesis is usually signifi cantly lower in plants suffering from water deficit than in those with an adequate supply of water. If species do not change their stomatal conductance during dry periods, they would have to build a larger root system to access soil water and to be able to continue photosynthesis and transpira tion (e.g. Sinclair 1980; White et al. 2000) . In this study no statistically significant differences between treatments in the net photosynthesis or stomatal conductance were found (Fig. 3A and Fig. 4B ). Stomatal conductance was, neverthe less, two times higher in the control treatment than in the 15% treatment. The differences in the transpiration rates between the treatments (Table  1 , Fig. 1 ) indicate increases in stomatal limita tion with drought, even though the response in the stomatal limitation varied much between the seedlings (Fig. 4B) . Altogether, the results devi ate from "normal response of plants to drought" which seems to be a slow downscaling of the bio chemical capacity of photosynthesis as a response to drought (i.e. the MetaAnalysis of Flexas and Medrano 2002b) . However, in an earlier review Kaiser (1987) showed that decreases in photo synthesis do not necessary occur as a response to moderate water stress. The results of this study differed from those reported by Li (2000) about several provenances of E. microtheca. In his study, water stress (six months old seedlings kept at 25% of field capacity) clearly lowered the amount of net photosynthesis. Eucalyptus species are known to have wide variation in the stomatal sensitivity to drought (e.g. Sinclair 1980; White et al. 2000) , and according to our results it would seem that stomatal sensitivity can vary much even within species and possibly also between leaves of a plant.
The fluorescence F V /F M ratio is a good indica tor of photoinhibition, because it correlates with the quantum yield of O 2 evolution (Björkman and Demmig 1987) . It is usually thought that F V / F M ratio should decrease during environmental stresses (Krause and Weis 1991) . Values of F V /F M below 0.8 are usually interpreted as an indication of photoinhibitory stress (Maxwell and Johnson 2000) . In our study the F V /F M increased with the drought stress (Fig 6A) . Previous studies found no decrease in F V /F M ratio with water stressed durum wheat (Triticum turgidum var. durum) (Tambussi et al. 2002) and SánchezRodriguez et al. (1997) even found an increase of F V /F M ratio with Casuarina equisetifolia, although prolonged droughts decreased the F V /F M ratios. The average values within treatments in this study were between values suggested by BolhàrNordenkampf and Öquist (1993) . According to the results of this study the ability of E. microtheca to absorb quanta is increased during drought stress, as both heat dissipation (NPQ, Fig. 6B ) and photoinhibition ( Fig. 6A) were lower in drought stressed groups. As the growth of the seedlings was highest in the control group, these results are not a product of a too high irrigation rate. Also we did not observe large amount of dead fine roots in the control group indicating that our seedlings did not suffer from anoxia.
Our results indicate furthermore that electron transport from PSII (qP) through photochemical processes increased with drought (Fig. 6C) and at the same time nonphotochemical quenching (NPQ), describing the loss of quantum yield as heat, decreased (Fig. 6B) . SánchezRodriguez et al. (1997) found also, that after 33 days of drought treatment F V /F M ratio in Casuarina equisetifolia increased slightly. Though, with C. equisetifolia the photoprotection occurred as increased heat dissipation, not as increased energy transfer through photochemical processes that occurred in our study.
Under saturated concentrations of substomatal CO 2 and saturated light the rate of assimila tion describes the maximum capacity of leaves to regenerate RuBP (e.g. Long and Bernacchi 2003) . RuBP regeneration decreases usually during drought and is thought to be the main factor limiting carbon assimilation (Gunasekera and Berkowitz 1993; Flexas and Medrano 2002a) . Our results do not support these assumptions. The net photosynthesis under high CO 2 -describing the regeneration rate of RuBP clearly increased in the stressed seedlings (Fig. 3B ) and still the net photosynthesis remained at the same level in the stressed seedlings as it was in wellwatered seedlings (Fig. 3A) . Warren et al. (2000) found in their study of several Australian tree species, that in most cases the actual concentration of Rubisco was far larger than necessary for supporting the measured rates of photosynthesis. This suggests that many native Australian tree species may have Rubisco in excess to their needs under unstressed conditions (Warren et al. 2000) . Warren et al. (2000) argued further that the excess Rubisco might be an advan tage under drought and low phosphorous condi tions, as they often occur in tropical Australia. Gibson et al. (1991) found out that the nitrogen content increased during drought treatment in some E. camaldulensis provenances. The nitrogen content of leaves is known to correlate well with Rubisco (Woodrow and Berry 1988) and increases in Rubisco (and nitrogen) will make plants more resistant against photoinhibitory damage. Also, based on theoretical arguments Farquhar et al. (2002) propose that nitrogen concentrations in leaves should increase under drought.
To summarize the photosynthetic reactions, E. microtheca does not scale down its photosynthesis as a reaction to drought, but it seems to increase its photosynthetic capacity while reducing intercel lular CO 2 concentration (Ci). Protection against photoinhibition seems to be maintained by a higher Rubisco activity and by diverting absorbed irradiance through photochemical quenching.
We conclude that E. microtheca is using alloca tion between foliage and roots as the key mecha nism to survive under drought. As a response to drought the seedlings increase their root/shoot ratios. This compensates for some of the negative effects of drought and should enable the plant to maintain much of its water uptake under moderate drought. Furthermore the increase in root bio mass will increase foliage nitrogen concentrations and would increase photosynthesis under a given substomatal CO 2 concentration. This strategy is graphically represented in Fig. 8 . The strategy would agree with the theoretical consideration of Farquhar et al. (2002) and Buck ley et al. (2002) that propose that increases in leaf N and increased allocation of N to Rubisco would represent an optimal strategy for plants under drought. This strategy would make it possible to react rapidly to changes in soil water availability (i.e. after thunderstorms) since no time consum ing reconstruction of the photosynthetic system is required. The fact that Australian plants have high amounts of Rubisco supports these conclusions (Warren et al. 2000) . Also, this could explain, how Australian savannah plants can maintain high rates of transpiration during the dry season (O´Grady et al. 1999 ). This kind of opportunistic water use strategy could be a reasonable and fre quent strategy where droughts are common but not very predictable.
Altogether, the current study shows that differ ent mechanisms for drought tolerance are highly interconnected. Changes in allocation to the root system make it possible for plants to maintain a high photosynthetic capacity due to photoprotec tion and high activities of Rubisco but at the cost of a reduced leaf growth. Field tests will have to show to what extent this strategy is relevant in nature for Australian evergreen tree species.
